Research about the epidemiology of olfactory dysfunction in Asians was not enough. the purpose of this study was to assess the prevalence and incidence rate of olfactory disorders in Koreans and to evaluate demographic risk factors. We analyzed clinical data of patients with anosmia using Korean National Health Insurance Service data from 2006 to 2016. The data includes medical insurance claim data and medical records of almost 50,000,000 people in Korea. The 30-39 age group showed the highest prevalence (19.25 per 10,000 per year). Their incidence rate was also high comparing other age groups (13.30 per 10,000 per year). The prevalence and the incidence increased from 7.10 to 13.74 and from 5.66 to 9.54 between 2006 and 2016. In the seasonal analysis, the incidence rate was high in spring and autumn. The high-income population showed about 1.4-folds higher incidence rate than the lowincome population. We thought that the socioeconomic status could generally affect the rate of hospital visit in the anosmia population. Anosmia can be frequently underdiagnosed in the clinical environment because the elderly and the low-income people easily underestimate their anosmia symptom and ignore the severity due to their economic problem. therefore careful attention and further studies for anosmia are needed.
Results
prevalence and incidence rates according to age group. Analysis of the prevalence of anosmia patients in each age group based on the customized database (DB) in 2015 showed that the prevalence of anosmia in women 20-79 years old was relatively higher than that in men ( Fig. 1 , Table 1 ). The prevalence of anosmia was the highest at 19.25 per 10,000 in males and females in 30-39 years old. The prevalence of anosmia was 16.25 per 10,000 in males in 30-39 years old and 22.28 per 10,000 in females in 30-39 years old. The prevalence of anosmia in males was maintained after 30-39 years old and then decreased after 70-79 years old, but the prevalence of anosmia in females increased again after 50-59 years old and showed a double peak pattern. The prevalence of anosmia in those < 10 years old and ≥90 years old were under 5 per 10,000. The incidence rate of anosmia in females was higher than that in males aged 20-70 in 2015 ( Figure 2 , Table 2 ). The incidence rate of anosmia in males was the highest at 12.48 per 10,000 in 30-39 years old and that in females was the highest at 16 .57 per 10,000 in 20-29 years old. After 30-39 years old, the incidence rate of anosmia in males was maintained and then decreased. Females showed a peak of incidence rate in 30-39 years old and a repeat increase in 50-59 years old. The incidence rate of those aged <10 and ≥80 years old was lower than 5 per 10,000. Prevalence and incidence rate of anosmia were similar between males and females at all age groups and the difference between prevalence and incidence rate was less than 3.37 per 10,000. prevalence and incidence rate according to annual and seasonal change. Figure 3 shows the number of patients who have anosmia code as a major or minor disease in each corresponding year in the customized DB. Age-sex standardized prevalence and incidence rate maintained between 2006 and 2009. They have been increasing since 2009. Between 2006 and 2016, the prevalence changed from 7.10 to 13.74 per 10,000. The incidence rate changed from 5.66 to 9.54 per 10,000. Compared with 2006 data, the age-adjusted prevalence increased by 1.9-fold and the incidence rate increased by 1.7-fold in 2016. The difference between prevalence and incidence rates increased from 1.4 per 10,000 in 2006 to 4.2 per 10,000 in 2016. Figure 4 shows annual changes in overall incidence of anosmia. The overall incidence was the highest at 3568 patients in May and the lowest at 2653 patients in August. It has the second highest annual incidence in December and January. To analyze the relationship between overall incidence and seasonal climate, we used climate data from the Korea Meteorological Administration. We calculated the 'daily range of temperature' of 72 major cities by subtracting minimum temperatures from maximum temperatures of days. Figure 4 shows the change of annual 'daily range of temperature' variation in Korea. 'Daily range of temperature' in Korea, a country with mid-latitudes, is large in March-May period of spring and in September-November period of autumn. In a linear regression analysis, the overall incidence rate of anosmia and daily range of temperature were positively correlated (r 2 = 0.494, p-value = 0.006).
prevalence and incidence rate according to the general characteristics. Figure 5 shows age-sex standardized prevalence and incidence rates of anosmia according to their residence in 2015. The age-sex standardized prevalence of anosmia was the highest at 28.23 per 10,000 in Seoul, followed by that in Jeju at 18.25 per 10,000. Except for Seoul and Jeju, prevalence in other regions was similar. Gyeong-sang-nam-do had the lowest prevalence at 5.94 per 10,000. The pattern of incidence rate was similar to that of the prevalence. The incidence rate was 18.1 per 10,000 in Seoul and 16.52 per 10,000 in Jeju. Gyeong-sang-nam-do showed the lowest incidence rate at 4.63 per 10,000. The difference between prevalence and incidence rate was the largest at 10.13 per 10,000 in Seoul. It was not such large in Jeju, although prevalence and incidence in Jeju were high. Figure 6 shows Prevalence* Incidence rate* Figure 3 . Age-sex standardized prevalence and incidence rate of anosmia by year.
Scientific RepoRtS | (2020) 10:3717 | https://doi.org/10.1038/s41598-020-60678-z www.nature.com/scientificreports www.nature.com/scientificreports/ age-sex standardized prevalence and incidence rates by income level in 2015. The prevalence and incidence rate of anosmia increased according to income level. The lowest income earners had exceptional high prevalence and incidence rates. The prevalence of anosmia according to the general characteristics of the participants is shown in Table 3 . The age-sex matched chi-square analyses showed that residence, income status, and hypertension statistically related to the risk of anosmia. Income Group Prevalence* Incidence rate* Figure 6 . Prevalence and incidence rate of anosmia according to income group in 2015.
Discussion
Although the anosmia(R430) code which used in this study is usually applied by an otolaryngologist, other doctors can apply the code too in Korea. Otolaryngologist would get training on how to apply the code. But, authors cannot assure whether other doctors underwent related training about olfaction tests via a specific seminar.
Authors guess that most of the cases applying the code are when a patient seeking medical care for anosmia or being diagnosed after an olfaction test such as KVSS.
Anosmia is not a final diagnostic name that describes the cause of olfactory impairment. There are many factors that can cause anosmia, including cumulative damage to the olfactory epithelium, damage to olfactory receptor, change of central olfactory pathway, activity change in neurotransmitters, altered nasal engorgement, increased propensity for nasal disease, decrements in mucosal metabolizing enzymes, ossification of cribriform plate foramina, and neurodegenerative disease 4, 10, [23] [24] [25] [26] [27] . Although the degree of impairment of olfactory function may not be directly correlated with the degree of olfactory neuron depletion, many of those factors appear to be worsen with age. Thus, it is widely accepted that the olfactory function will decrease with aging. This theory has been supported by some cross-sectional studies showing that almost half of the general population 65-80 years old have verifiable smell loss and that approximately three-quarters of the population over 80 years have such loss 10, 20, 22, 28 . Interestingly, in this study, despite of low performance of olfaction in the elderly, their prevalence and incidence rates were relatively low rather than high ( Figs. 1 and 2 ; Tables 1 and 2 ). Murphy et al. have suggested that the self-report system can significantly underestimate the prevalence than that obtained by olfaction test 20 . This suggests that elderly persons tend not to be aware of their olfactory impairment. But according to Lee et al. study that accepted self-reporting diagnosis, it seems that the elderly participants of the 2009 Korea National Health and Nutrition Examination Survey (KNHANES) could recognize their olfactory impairment well 21 . It means that elderly people could be aware of olfactory impairment, but they do not want to seek treatment. Moreover, hyposmia patients paradoxically tend to mention more complaints than anosmia patients 5 . As Lee et al. study, traditional study accepted self-reporting diagnosis on general population. This study also counted self-reported olfactory dysfunction but the olfactory dysfunction reported by people who are actively seeking treatment for it. We should consider this point as a cause of the large discrepancy of numbers between traditional study and our study. For these reasons, the younger and older population of this study would show lower prevalence and incidence than that of traditional study ( Figs. 1 and 2 ; Tables 1 and 2 ). The authors thought that the double peak pattern of the incidence in female could be affected by postmenopausal olfactory dysfunction 29 .
Women in all ages, including adolescents, have a better olfactory function than men 28 . It is still unclear which causes make the gender difference. Similar gender differences have also been found in visual, auditory, tactile sense, and kinesthesis. Although female usually have better olfactory function, the prevalence of anosmia in females was high in this study. This might be due to the fact that women are more sensitive to olfactory dysfunction ( Figs. 1 and 2 ; Tables 1 and 2) 5 .
Recently, as interest in quality of life and accessibility to medical care are getting higher, the number of patients with olfactory disorder who are looking for hospitals seems to be increasing. As a result, the prevalence of olfactory disorder has been increasing continuously since 2006. This might be due to increased diagnosis rate rather than increased incidence rate.
Unlike other chronic diseases, difference between prevalence and incidence rate of anosmia is small. This can be explained by the fact that major causes of anosmia would be diseases having a short recovery time. Common causes of olfactory disturbance have been known as upper respiratory infection (URI), chronic nasal and paranasal sinus disease (SND), and head trauma 2, 3, 5 . In fact, these three things account for about 90% of the cause in olfactory dysfunction and the sum of URI and SND portions exceeds 50% 5 . Because URI and SND treatment periods are relatively short, they could serve as a reason for narrowing the difference between prevalence and incidence rate of anosmia.
It is better to directly compare between URI incidence and the anosmia incidence in an analysis of seasonal changes. However, the authors could not access the incidence of URI because of the authorization limit. So, we replaced that with 'daily range of temperature' . In Korea, spring is from March to May, summer is from June to www.nature.com/scientificreports www.nature.com/scientificreports/ August, autumn is from September to November, and winter is from December to February. Due to the climatic nature, the 'daily range of temperature' is large in spring and fall and the incidence rate of URI is increased in this period (Fig. 4) . A similar pattern of new cases in each month could be a result of these climatic characteristics (Fig. 4) .
Variation of disease incidence by region can be caused by differences in population structure, climate, and socio-cultural and economic features. When analyzing the high incidence of anosmia in Seoul and Jeju, it is reasonable to assume that these two cities have different causes due to their differences in climate, geologic location, and socioeconomic features (Fig. 5) . Seoul is the capital located in the northern part of Korea with high-income level and many large hospitals. If income levels are high, it is common for individuals to access easily to medical care 20, 21 . Therefore, the high incidence rate of Seoul could be due to these advantages in medical accessibility. It has been reported that air pollution could affect smell perception 4, 14 . Seoul has high air pollution. Most citizens of Seoul frequently use the subway which is contaminated with fine dust. These factors must not be ignored because they have a long-term influence on olfactory function. Jeju is a volcanic island that many tourists visit. Jeju has a warm climate and many huge mandarin orange orchards. With warm climate, Japanese cedar is very abundant in Jeju. Some people of Jeju suffer from severe allergic symptom in springtime 30 . Leaf mite, an important cause of occupational allergic rhinitis in farmers working in the orchard, might have affected the incidence of anosmia 31, 32 . In addition, mandarin orange orchards have relatively high pesticide usage per unit area compared to that of other fruits. Some papers have suggested that exposure to herbicides and insecticides can affect the olfactory function 10, 19, 33 . These are just hypotheses. Further study will be needed to clarify this issue.
In previous studies, low-income is associated with olfactory dysfunction 20, 21 . High-earners can easily access health care service. They also have healthy lifestyles. Consequently, they are more likely to have relatively good health status. As a result, the low-income population tends to have higher prevalence of olfactory dysfunction than high-income earners. However, our results showed that high-income earners had higher incidence rate of anosmia than low-income earners (Fig. 6 ). When we interpret this result, we should consider that our study was based on the 'customized DB' with data collected by a self-report system. The self-reporting rate could be easily affected by socioeconomic status. Table 3 revealed the paradoxical aspect that low income related to the normosmic condition. In Fig. 6 , the minimum income group showed an exceptionally high incidence rate compared to general low-income groups. The lowest-income group receives 'Medical Aid' benefits from the Korean government, meaning they can get medical care without payment. Their medical accessibility was greatly increased by 'Medical Aid' . Their high incidence could be affected by these benefits.
It is unclear whether this study showed actual prevalence and incidence rate of olfactory disorder because it used data based on disease code collected from patients who visited hospital themselves having a complaint of olfactory dysfunction. Compared with other studies, the lower prevalence and incidence rate of our study in the elderly might be caused by such reasons. Another limitation of this study was that the diagnostic criteria of anosmia were not standardized in each hospital. The claim data didn't include how they diagnose anosmia. The authors examined several risk factors for anosmia such as age, sex, average daily temperature change, geographical location, and income level. However, we could not present the statistical significance because of the authorization limit and imperfection of NHISS database itself.
Nevertheless, this study revealed reliable prevalence, incidence rate, and some risk factors of olfactory disorder in Asian people. We used the Korean National Health Insurance Service (KNHIS) Claims Database which contained all claims data for the Korean National Health Insurance program and the Korean Medical Aid program. The KNHIS covers almost 99% of the Korean population. It means that our study is near to a whole population study than a sample study. We also found a possibility that the socioeconomic status could affect the rate of hospital visitation in the general population. Further studies are needed to analyze the potential mechanisms underlying the association between socioeconomic status and anosmia incidence.
Methods
The Korean National Health Insurance Service (KNHIS) is the public medical insurance system which is operated by the Ministry for Health, Welfare, and Family Affairs 34 . As a compulsory social insurance system, the KNHIS program covers about 97% of the entire Korean population. The remaining 3% of the population are covered by a Medical Aid program. The KNHIS database includes patient demographics and records on diagnosis, interventions, and prescriptions 35 . The diagnostic system of the KNHIS database was developed using the International Classification of Disease, Tenth Revision, Clinical Modification (ICD-10-CM) codes. Anosmia was defined as R430.
The KNHIS has been operating National Health Insurance Sharing Service(NHISS) to support academic research by utilizing National Health information (https://nhiss.nhis.or.kr/bd/ab/bdaba000eng.do). The NHISS provide some kinds of research database (DB), including 'Customized DB' . The customized DB includes medical insurance claim data and medical records of almost 50,000,000 people who are medical aid beneficiaries and health insurance beneficiaries in Korea. We analyzed the customized DB which included most Koreans and some foreigners who had lived in Korea from 2006 to 2016. Target patients were defined as those whose anosmia was confirmed by a primary or secondary diagnostic name at a medical institution. The diagnosis of olfactory disorder was confirmed using the diagnostic code (R430, anosmia) in the health insurance claim data. Longitudinal analyses were performed using the data from 2006 to 2016. Cross-sectional analyses were conducted using data of 2015 which was relatively recent with sufficient quality. The income level group was obtained by classifying the population into 21 quartiles based on Korean health insurance premiums. A higher group means higher income.
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